The n-* electronic transition of acetone is a convenient and important probe to study supercritical water. The solvatochromic shift of this transition in supercritical water ͑adopting the experimental condition of P = 340.2 atm and T = 673 K͒ has been studied theoretically using Metropolis NPT Monte Carlo ͑MC͒ simulation and quantum mechanics ͑QM͒ calculations based on INDO/CIS and TDDFT-B3LYP/ 6-31+ G͑d͒ methods. MC simulations are used to analyze hydration shells, solute-solvent interaction, and for generating statistically relevant configurations for subsequent QM calculations of the n-* transition of acetone. The results show that the average number of hydrogen bonds between acetone and water is essentially 1 / 3 of that in normal water condition of temperature and pressure. But these hydrogen bonds have an important contribution in the solute stabilization and in the solute-solvent interaction. In addition, they respond for nearly half of the solvatochromic shift. The INDO/CIS calculations explicitly considering all valence electrons of the water molecules, using different solvation shells, up to the third shell ͑170 water molecules͒, give a solvatochromic shift of 670± 36 cm −1 in very good agreement with the experimentally inferred result of 500-700 cm −1 . It is found that the solvatochromic effect on n-* transition of acetone in the supercritical condition is essentially given by the first solvation shell. The time-dependent density-functional theory ͑TDDFT͒ calculations are also performed including all solvent molecules up to the third shell, now represented by point charges. This TDDFT-B3LYP/ 6-31+ G͑d͒ also gives a good but slightly overestimated result of 825± 65 cm −1 . For comparison the same study is also made for acetone in water at normal condition. Finally, all average results reported here are statistically converged.
I. INTRODUCTION
Supercritical ͑SC͒ fluids are substances at temperature and pressure conditions above their vapor-liquid critical point. They are important systems of study because of their unusual solvation properties and this leads to increasing theoretical challenges. Fluids at SC conditions may exhibit physical properties that are very different from those under normal conditions of temperature and pressure ͑NCTP͒ and can be altered thermodynamically as a result of variations of temperature and/or pressure.
1 These unusual properties have led to a variety of practical applications. For example, in the supercritical region ͑above 647 K and 220 atm͒ in which its dielectric constant is considerably decreased, water becomes an excellent solvent for many organic compounds and, as such, it has been used as an effective medium for oxidation of toxic organic compounds.
2,3 Because of the unique role of water, understanding the properties of supercritical water ͑SCW͒ is of particular interest. A direct approach is more difficult and one possibility to obtain information about SCW is to use an organic molecule as a probe. However, the choice has to be made carefully because there are many organic molecules that are not stable in SCW conditions. Solvatochromic probes are of large use as indicator of solvent polarity 4 and more recently has also been used in SCW. 5 Absorption frequency shifts in the ultraviolet-visible region, i.e., solvatochromic shifts, are very sensitive to the intermolecular interaction between a chromophore and the environment. Hence the analysis of the absorption spectrum of a probe molecule gives important clues to the nature of the liquid and this is also the case in the SC conditions of water. It is thus of great interest to analyze solvatochromic shifts in SCW. In this direction, acetone is a simple molecule where the change of the n-* transition in normal water ͑NW͒ is well characterized and has also been subjected to many theoretical studies. In SCW acetone not only satisfies the crucial condition of being stable but it has also been studied experimentally with a focus on the n-* transition. 5 As in NW the ncal and chemical properties of water, are dramatically affected in the SC regime of high temperature and high pressure. [6] [7] [8] In the last decade, there have been many studies on the structural properties of supercritical water [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] motivated by the question of the existence and strength of hydrogen bond in SC conditions. 18, 19 Nevertheless, the presence of the HB in SC conditions has been predicted by different experimental procedures, 7, 9, 11, 12 although the number of HB, if any, is naturally smaller than those at NCTP. Additionally, these experimental findings have been supported by computer simulation studies using different molecular models for water. 6, 13, 15, 20 Computer simulation results have shown, for example, that in SC conditions the water properties can be intermediate between liquids and gases and that the tetrahedral ordering of the water molecules present in NCTP is rapidly lost when the temperature is increased or the density is decreased. 20 Recently, several studies of solvent effects on organic solutes in SC fluids have been reported. [21] [22] [23] [24] In particular, Takebayashi et al. 21 have analyzed structural properties of acetone in SCW with respect to the temperature and water density.
At NCTP, the solvatochromic shift of acetone in aqueous solution has been a subject of intense theoretical studies. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] The n-* electronic transition involves a reduction of the dipole moment upon excitation and as a consequence the electrostatic solute-solvent interactions lead to major stabilization of the ground state resulting in a larger transition energy, i.e., a blueshift. [45] [46] [47] This band system is used as a benchmark because there are both theoretical and experimental data available for comparison. Experimental results obtained the solvatochromic shift of the n-* excitation energy of acetone in water as 1500-1700 cm −1 , as compared to gas phase. [45] [46] [47] In SC water this shift is considerably reduced. Experimental results 5 for the n-* electronic transition of acetone in SCW ͑P = 340.2 atm and T = 673 K͒ obtained the absorption maximum as ϳ36 700 cm −1 compared to the same transition in NW seen [45] [46] [47] at ϳ37 700 cm −1 . This corresponds to a redshift close to 1000 cm −1 in changing the solvent from normal to SC water. This then indicates a blueshift in SCW compared to isolated acetone of ϳ500-700 cm −1 . From the theoretical point of view, calculations of solvent effects on the electronic properties of reference molecules have been based on continuum [48] [49] [50] [51] [52] [53] [54] and discrete 26, 55, 56 solvation models. Continuum models may have additional difficulties in handling SCW, because of the remarkable properties, especially the hydrogen bonds between the solute and the solvent and the reduced value of the density and the dielectric constant of water. Explicit solvation models based on a combined quantum mechanics/ molecular mechanics ͑QM/MM͒ methodology are useful because specific solute-solvent interactions, e.g., hydrogen bond, can be more appropriately treated. A fully QM description of the solute electronic properties in solution solely using ab initio methods is computationally very expensive when the solvent molecules are explicitly considered. To circumvent this problem, in QM/MM calculations, in which the solute is treated using an ab initio method, the solvent water molecules have been represented by simple point charges.
In this work we use a discrete solvation model, the sequential Monte Carlo/quantum mechanics methodology, 36, [57] [58] [59] [60] to study the solvatochromic shift of the n-* electronic transition of acetone in water in normal and SC conditions. Due to the intrinsic statistical nature of the liquid an appropriate description of solvent effects requires statistical mechanics and some average using a representative number of liquid configurations. Here, isothermal-isobaric Monte Carlo ͑MC͒ simulations are performed to generate the structure of the liquid composed by the solute and the solvent molecules in thermodynamic equilibrium. After the MC simulation, the autocorrelation function of the energy is used to sample statistically uncorrelated configurations 36, [57] [58] [59] [60] of the acetone and all solvent molecules within a given solvation shell. The use of the autocorrelation function of the energy gives the most efficient sampling procedure and permits to obtain statistically converged results with a relatively small number of configurations. 36, [57] [58] [59] [60] These statistically relevant configurations are used in subsequent QM calculations. Explicit solvent molecules are included in a calculation where the wave function is antisymmetric with respect to the entire solute-solvent system. In the largest case a total of 170 water molecules are explicitly considered. We have then used the semiempirical INDO/CIS method with spectroscopic parameterization 61 to systematically calculate the solvatochromic shifts related to the hydrogen bond shell and the additional first, second, and third solvation shells. An important aspect in this methodology is that the solute and the solvent molecules are treated as an all-valence-electron problem. This method has been employed successfully in the determination of spectroscopic shifts of organic solute in solvents. 36, [57] [58] [59] [60] [62] [63] [64] [65] [66] Additionally, we have also used the time-dependent density-functional theory 67, 68 ͑TDDFT͒ method including all solvent molecules up to the third solvation shell but considering the solvent water molecules only as simple point charges. The TDDFT has seen increased popularity to calculate electronic transition energies. [69] [70] [71] To the best of our knowledge, this is the first theoretical study of the n-* transition of acetone in SCW. For comparison, we have also considered acetone in water under NCTP.
II. CALCULATION DETAILS
The experimental study 5 of acetone in SCW was made with a fixed temperature and pressure. Hence all MC simulations are performed in the isothermic-isobaric, NPT ensemble, where the number of molecules N, the pressure P, and the temperature T are fixed. These MC simulations were performed for 1 acetone molecule plus 703 water molecules. The SC condition was simulated at the thermodynamic condition of the experimental UV-visible absorption spectroscopic study:
5 P = 340.2 atm and T = 673 K. For simplification, in the following when referring to SCW we are considering this specific thermodynamic condition. The molecules interact by the standard Lennard-Jones plus Coulomb potential with three parameters for each interacting site i ͑ i , i , and q i ͒ and geometrical rules of combination ij = ͑ i j ͒ 1/2 and ij = ͑ i j ͒ 1/2 . There are several possibilities for the classical potential of water. However, it has been shown that the extended simple point charge 72 ͑SPC/E͒ model for water leads to good agreement for the critical point of water. 73, 74 Hence this is the potential used here for water. For the acetone we have used the classical parameters i and i of the OPLS model and the atomic charges obtained by electrostatic potential fit 75 ͑CHELPG͒ at HF/ 6-311+ + G͑d , p͒ level of calculation. The geometry and parameters for acetone are the same as that used before. 36 For comparison, we also consider the case of acetone in NW ͑P = 1 atm and T = 298 K͒. In fact, in a previous study 36 we have considered acetone in NW, using the same protocol but the SPC ͑Ref. 76͒ potential for water and the NVT ensemble for the simulation. However, because of the experimental conditions ͑NPT͒ and, especially the choice of the water potential SPC/E used in the SC case, we find of interest to reconsider the case of acetone in NW with the very same protocol of the SCW. Hence all simulations are repeated for acetone in NW using the NPT ensemble and the SPC/E potential. We will refer to the previous study 36 as the NVT͑SPC͒ model. Of course, we do not expect any sizable changes but it would facilitate a direct comparison of the normal and SC cases avoiding possible calculation artifacts.
All MC simulations were performed with the DICE program 77 using standard procedures 78 for the Metropolis sampling technique. We have used the periodic boundary conditions in a cubic box 78 where each molecule interacts with all other molecules within a center of mass separation that is smaller than the cutoff radius r c = 18.0 Å ͓13.7 Å͔, in the SCW ͓NW͔ condition. Long-range corrections for the Lennard-Jones and Coulomb potentials, for separations larger than r c , were calculated using the pair radial distribution function and the reaction field method with dipole interactions, respectively. The thermalization stage of the MC simulation used 4.2ϫ 10 7 MC steps. After this thermalization, 14.1ϫ 10 7 MC steps were performed as the averaging stage of MC simulation. The calculated average density is = 0.46± 0.03 g / cm 3 ͓ = 1.02± 0.01 g / cm 3 ͔, for the SCW ͓NW͔ condition. The uncertainties are standard deviations of the average value. This large reduction in the density is one of the characteristics of SC water.
As successive configurations generated in the MC are statistically highly correlated, similar to previous works, 36, [57] [58] [59] [60] we use the autocorrelation function of the energy to calculate the statistical correlation interval and sample statistically uncorrelated configurations. For the SCW ͓NW͔ simulation, configurations separated by 14.1 ϫ 10 5 ͓23.9ϫ 10 5 ͔ MC steps have less than 12% of statistical correlation and were considered as uncorrelated configurations. We have thus sampled 100 uncorrelated configurations to be used in quantum mechanical supermolecular calculations. All average results presented here are verified to be statistically converged similar to previous studies. 36, [57] [58] [59] [60] The QM calculations of the n-* transitions were performed using two theoretical models, the INDO/CIS and TDDFT methods as implemented in the ZINDO ͑Ref. 61͒ and the GAUSSIAN-03 ͑Ref. 79͒ programs, respectively. TDDFT transition energies were calculated using the B3LYP hybrid functional 80 ,81 with the 6-31+ G͑d͒ basis set. The B3LYP/ 6 -31+ G͑d͒ model has been recently used to compute the transition energies of acrolein in water and the solvatochromic shift computed is in very good agreement with the inferred experimental shift. 82 These two theoretical models are applied in two different conditions. The semiempirical INDO/ CIS uses a wave function that includes all valence electrons both in the solute and in the solvent. In the largest calculation presented here this corresponds to a 1384-valence-electron problem, where the wave function delocalizes over the solute-solvent system including exchange and part of the dispersion interaction. 83 In the TDDFT all solvent molecules are treated as simple point charges ͑of the SPC/E model͒, thus neglecting both exchange and dispersion. Although the INDO/CIS and TDDFT use parameterizations oriented for different purposes, for a consistent result we would expect the TDDFT, using only point charges for the solvent, to give a larger shift. This is because it is known that the mutual solute-solvent polarization, the dispersion interaction, contributes to the solvatochromism with a redshift. 84 
III. RESULTS AND DISCUSSION

A. Structural aspects and solute-solvent hydrogen bonds
The configuration of water molecules around acetone can be obtained analyzing the radial distribution functions, G͑r͒, between atom pairs of the solute-solvent molecules. Figure 1 shows the radial distribution functions between the oxygen of acetone and the oxygen of water, G O-O ͑r͒, and between the oxygen of acetone and the hydrogen of water, G O-H ͑r͒, in the supercritical condition with P = 340.2 atm and T = 673 K ͑ = 0.46± 0.03 g / cm 3 ͒ and in the normal condition of P = 1.0 atm and T = 298 K ͑ = 1.02± 0.01 g / cm 3 ͒. Comparison between the G͑r͒ of these two thermodynamic states shows significant structural changes of the hydration shell of acetone characterized mainly by substantial changes in their peak heights with slight shift in the peak positions. A similar feature has been previously observed by Takebayashi et al. 21 for acetone in aqueous solution at 673 K as a function of water density. Under SCW ͓NW͔ condition, the first peaks in G O-O ͑r͒ and in G O-H ͑r͒ are, respectively, centered in 2.85 Å ͓2.75 Å͔ and 1.85 Å ͓1.75 Å͔, starting at 2.45 Å ͓2.45 Å͔ and 1.45 Å ͓1.45 Å͔ and ending at 3.45 Å ͓3.15 Å͔ and 2.55 Å ͓2.45 Å͔. The spherical integration of the first peak in G O-O ͑r͒ gives the coordination number, i.e., the average number of nearest water molecules around the oxygen atom of acetone. In the NCTP the coordination number is 2.08 water molecules. This coordination number is sensitively affected by the increase of temperature and pressure. Taking the same distance obtained for NW for the SCW case, there are 1.03 water molecules around acetone, corresponding to a marked decrease of ϳ50% when compared with the normal condition. These results are consistent with the decrease of the water density in going from NCTP to SC condition. For comparison, the water density at SC condition is reduced by 55%. Equivalent results are obtained for the coordination number and hydrogen bonds, where for each thermodynamic state we used the same criteria. As it cannot be assured that all water molecules within this first coordination shell of the G O-O ͑r͒ are indeed hydrogen bonded to acetone additional criteria are used to identify acetone-water HBs. We use here, in addition, the geometric and energetic criteria to select the hydrogen bonded molecules. 13, 36, [85] [86] [87] [88] [89] [90] Previous studies have also emphasized that a quantitative analysis of the average number of HB in computer simulation of liquids requires the consideration of their directional and energetic aspects. [85] [86] [87] [88] [89] [90] The energetic criterion of a hydrogen bond is obtained analyzing the distribution of pairwise interaction energy. 57, 85, 86 Kalinichev and Bass 13 have analyzed hydrogen bond in supercritical water from a systematic study of distribution of pairwise energy with increasing temperature at a constant pressure. Their results showed that for most SC states the peak, which describes the HB, becomes so broad that the definition of the energetic criterion is not clear-cut. They have then considered as the energetic threshold the same value defined at ambient conditions independent of the thermodynamic state.
The pairwise energy distribution in the NCTP condition gives for the energetic threshold of hydrogen bond the same value of −2.7 kcal/ mol predicted in the previous NVT͑SPC͒ simulation. 36 As noted by Kalinichev and Bass 13 and corroborated here, for the SCW state an energetic threshold is not well defined, therefore the NW value was adopted here. To compare the effects of the specific thermodynamic conditions on the average number of HB we have selected the hydrogen bonded molecular pairs considering the same geometric-energetic criteria at SC and normal conditions. Thus, the hydrogen bonds are defined when the separation R O-O ഛ 3.2 Å ͑first minimum of the radial distribution function͒, the angle ЄO...O-Hഛ 30°, and when the interaction energy is at least −2.7 kcal/ mol. The statistics of HB for the SCW and NW are given in Table I . From 600 uncorrelated MC configurations the results for the SC state show that 252 ͑42%͒ configurations make no hydrogen bonds, 295 ͑49.2%͒ form one hydrogen bond, and 51 ͑8.5%͒ and 2 ͑0.3%͒ configurations have two and three hydrogen bonds, respectively. Hence the most probable value indicates one HB between SCW and acetone, but with an average number of hydrogen bonds of 0.67. This represents a marked reduction of 58% when compared with the average result of 1.60, obtained for the NW. In this condition, a similar value ͑1.7 hydrogen bonds͒ has been reported in the NVT͑SPC͒ previous study. 36 In fact, this is in agreement with the expectation that in SCW, with the present thermodynamic condition, the number of HB with water would be reduced to one-third compared to NW. 5 At SC condition, our result shows a good overall agreement with that presented by Takebayashi et al. 21 in a systematic study of the average number of HB as a function of temperature and water density.
B. The n-* transition of acetone in supercritical water
The contribution of the hydrogen bonded configurations to the solvatochromic shift of the n-* transition of acetone in water is analyzed first. Table I gives the statistics of hydrogen bonds formed between the solute acetone and the solvent water in the two thermodynamic conditions considered. It also lists the calculated shifts for this variety, as obtained at the INDO/CIS level. In the SC condition the total contribution of the HB to the n-* shift is obtained as 332± 13 cm −1 . Under NCTP, the corresponding shift is calculated to be 785± 18 cm −1 , this being 14% larger than that obtained in the previous NVT͑SPC͒ work 36 as a consequence of the different potential models used for water. From these later results, the shift obtained in the SCW case is decreased to nearly half ͑58%͒ compared to NW, which is again consistent with the decrease of the water density. It is interesting to note that in the SC condition, considering the statistical aspect, most of the contribution of the HB to the solvatochro- mic shift is obtained from the most probable value of only one HB configuration. In fact, weighted by the occurrence ͑49.2%͒ the shift due to the most probable number of HB is 260 cm −1 , accounting for nearly 80% of the total HB contribution. Comparison of the contribution of the HB shell to the solvatochromic shifts obtained for SCW and NW shows that it is responsible, respectively, for 50% and 56% of the total solvatochromic shift. This represents some slight changes regarding our previous study 36 for the NCTP of water. We find in the NVT͑SPC͒ model 36 that the HB shell is responsible for a contribution of 690 cm −1 . Using the SPC/E potential we now find the value of 785 cm −1 . To quantify separately the contribution of the different solvation shells we have next analyzed the radial distribution function between the center of mass of acetone and water. Figure 2 shows the G c.m.-c.m. ͑r͒ in the SC and NCTP conditions. In the NCTP three solvation shells of water can be discerned. The first shell starts at 3.0 Å and ends at 6.1 Å, whereas the second and the third shells end at 9.1 and 10.8 Å, respectively. The spherical integration of G c.m.-c.m. ͑r͒ within these values gives 30, 104, and 174 water molecules around the acetone as the number of solvent water molecules up to the first, second, and third solvation shells, respectively. These are the same numbers obtained in the previous NVT͑SPC͒ study. 36 Again, for the acetone in SCW the structures of the solvation shells are not well defined. Using the same limits for NCTP as above, the corresponding results for the integration of G c.m.-c.m. ͑r͒ for the SC condition are 14, 50, and 81, respectively. This reduced number of solvent molecules in the SCW compared to the NW case reflects the ratio between the densities of water in the two conditions. To have a direct comparison we used in the SC condition the same number of solvent molecules as in the NCTP case. Table II presents the calculated solvatochromic shifts obtained using the different solvation shells, both in the SC and the NCTP, together with the experimental results. These averages are obtained from 100 QM calculations, using statistically uncorrelated configurations, as discussed above. In the SC condition, the INDO/CIS results reveal that the second and third solvation shells give essentially the same results, within the statistical error, suggesting that in this case the first solvation shell is responsible for most of the solvatochromic shift. For the largest case, the third solvation shell, the INDO/CIS result gives a blueshift of 670± 36 cm −1 for the SCW and 1390± 34 cm −1 for NW conditions. The latter result is essentially the same ͑1296 cm −1 ͒ but slightly increased by 94 42 calculated a CPMD-TDDFT shift of 1694 cm −1 , using the 6-311 + +G͑2d ,2p͒ basis set rather than plane waves. Aidas et al. 43 presented an account of several previous studies of the solvatochromic shift of the n-* transition of acetone in NW. For the SCW, however, we were not able to find any previous theoretical result.
The distinction between the calculated solvatochromic shifts obtained by INDO/CIS and TDDFT-B3LYP/ 6-31 +G͑d͒ is now briefly discussed. In the INDO/CIS the wave function delocalizes over the solute and the solvent, whereas in the TDDFT case the solvent is treated as simple point charges. In the present MC simulation the atomic charges of the solute were obtained from a HF/ 6-311+ + G͑d , p͒ calculation thus including an ad hoc implicit polarization. 91 As it is typical the dipole moment of acetone used in this case ͑3.59 D͒ is ϳ20% larger than the gas phase result of 2.93 D. 92 The B3LYP/ 6-31+ G͑d͒ model gives, for comparison, a gas phase dipole moment of 3.24 D. An appropriate treatment of the solute polarization including the coupling with the solvent 32, 92 leading to an in-solution charge distribution is expected to increase the dipole moment. 93 For SCW the in-water increase of the dipole moment is expected to be smaller than for NW due to the low density of water in this case. Table III shows the calculated in-water dipole moments of acetone. For NW the present theoretical result is in due agreement with previous and recent theoretical estimates 32, 40, 43, 93 and suggests that the increase in the dipole moment of acetone in changing from the gas phase to the SCW environment ͑0.78 D͒ is ϳ55% of the increase in the NW environment ͑1.41 D͒. Again, these results follow the relative water density in the SC and NCTP conditions.
Another important issue is the inclusion of dispersion interaction that is responsible for a redshift contribution. 84 This is essential for quantitative estimates of spectroscopic shifts. It has been shown that a representative part of the dispersion contribution to solvatochromic shifts can be obtained when the system is treated as an all-electron problem, 83 i.e., electrons are appropriately described by an antisymmetric wave function delocalized over the solute and the solvent, even when the transition energies are calculated using a singly excited configuration interaction. Despite its good agreement with experiment, current DFT methods do not appropriately include dispersion interaction and it should be expected that quantum mechanics calculations, using only point charge to represent the solvent, overestimate the total blueshift. In the supercritical condition the reduced density of SCW makes the interaction less significant and TDDFT should only slightly overestimate the solvent shift in comparison with experimental data. Overall, both theoretical models give good results in the SCW and NW conditions. In Figs. 3 and 4 are displayed the calculated absolute transition energy including all solvent molecules up to the third solvation shell, both at SC and NCTP. For reference, the experimental 5,45-47 n-* transitions of acetone in NW and SCW are, respectively, ϳ37 700 and ϳ36 700 cm −1 . The energies were individually computed for 100 uncorrelated configurations and are shown in Figs. 3 and 4 . For all configurations considered there is no overlap between the numerical values of the energies calculated with different methods and the TDDFT transition energies are higher than the corresponding INDO/CIS counterparts. Transition energy distributions show the typical spectral broadening caused by the thermal motion of the solvent molecules around the solute.
Although both methods predict good results for the solvatochromic shift, the average value of the TDDFT absolute transition energy is in better concordance with experimental results than the INDO/CIS. Also, there is a small redshift for some individual configurations in TDDFT results at SC conditions.
C. Comparative analysis of the normal and supercritical water
The solvatochromic shifts calculated in the previous section are a direct consequence of the interaction of the solute with the solvent environment. Hence, for complementarity a brief description of the solute-solvent interaction energy in the two cases considered, the NW and SCW, is presented. Table IV gives the results obtained from the classical simulation and separates the interaction in the short-and longrange solute-solvent interactions. First, the focus is on the short-range effect as described by the hydrogen bond solvation shells. Interestingly, one notes that the average hydrogen bond interaction is similar in the two cases leading to a value of ϳ5.6 kcal/ mol per hydrogen bond in the NW and SCW. However, as acetone makes on average 1.60 HB in the NCTP, compared to an average of 0.67 in the SC situation, this leads to a total solute-solvent HB interaction of −8.96± 1.23 and −3.78± 1.12 kcal/ mol in the NCTP and SC conditions. This indicates that the stability of acetone in SCW is reduced compared to the normal situation with a sizable contribution from the hydrogen bond solvation shells. In this case, a reduction of ϳ5.2 kcal/ mol. Looking also for the long-range contribution one can note that this difference in interaction increases to ϳ10.2 kcal/ mol when considering the first solvation shell including all solvent molecules with R ഛ 6.1 Å. Further extension to the bulk leads to the final differential interaction energy of 13.7 kcal/ mol, for the contribution of the solute-solvent energy to the differential enthalpy. Most of this difference could perhaps be traced to the decreasing water density making solute-solvent interaction more attractive in the NW than in SCW. In fact, the reduction in the density closely follows the solute-solvent interaction energy ͑45%͒. But it should be admitted that these results for the solute-solvent were obtained from the classical MC simulation and represent an important but only a first estimate of the interaction energies. A quantitative estimate requires a more rigorous quantum treatment with inclusion of electron correlation effects.
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D. Analysis of statistical convergence
Finally, a discussion of the statistical convergence of the calculated results is performed. The efficient sampling of configurations 36, [57] [58] [59] [60] from the statistical simulation for the subsequent QM calculations plays a crucial role for the average value presenting a fast and systematic convergence pattern independent of the set of configurations selected. 95 As in previous works, 36,57-60 the interval of statistical correlation, obtained from the autocorrelation function of the energy, has been used to select the statistically uncorrelated configurations. As Fig. 5 shows the calculated average solvatochromic shift of the n-* transition of acetone in SCW converges after around 50 configurations in the INDO/CIS case and after around 70 configurations in the TDDFT case. Figure 6 shows the distribution of calculated results for the INDO/CIS and TDDFT solvatochromic shifts of the n-* transition of acetone in SCW.
IV. CONCLUSIONS
The spectroscopic analysis of a reference molecule in supercritical solvents is a useful probe both for time-dependent 96 and stationary solute-solvent interactions. 5 For SCW an important probe has been the solvation shift of the n-* transition of acetone. 5 This solvatochromic shift of acetone in SCW has been studied theoretically using Metropolis NPT Monte Carlo simulation and quantum mechan- The first solvation shell has 14 ͓30͔ water molecules at supercritical ͓nor-mal͔ condition ͑within a spherical radius of 6.1 Å ͓6.1 Å͔͒.
b
The total solvation shell has 382 ͓362͔ water molecules at supercritical ͓normal͔ condition ͑within a spherical radius of 18.2 Å ͓13.7 Å͔͒.
FIG. 6.
Histogram of the n-* electronic transition shifts calculated using the INDO/CIS ͑top͒ and the TDDFT ͑bottom͒ methods.
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Probing supercritical water J. Chem. Phys. 126, 034508 ͑2007͒ results show how the increase of temperature and the decrease of water density from NCTP to SC condition affect the hydration distribution of the solvent molecules around the solute. As a consequence there is a substantial reduction of the average number of solute-solvent hydrogen bonds, of the order of 58%, when compared with the result obtained for the NCTP condition. This is consistent with the corresponding decrease in the water density. In the supercritical condition used here the contribution of the hydrogen bond shell to the solvatochromic shift is obtained as 332± 13 cm −1 representing a contribution of nearly 50% of the total calculated shift, obtained here as 670± 36 cm −1 , 1 in good concordance with the available experimental results ͑500-700 cm −1 ͒. The calculated INDO/CIS solvatochromic shifts present a rapid and systematic convergence with respect to the number of solvation shells. In fact, the first solvation shell nearly responds for the entire effect. Whereas the INDO/CIS calculations explicitly consider the electronic structure of the solvent water molecules, with a wave function that is antisymmetric over the entire solute-solvent region, the TDDFT calculations consider the solvent molecules as simple point charges. The TDDFT-B3LYP/ 6-31+ G͑d͒ calculations also give a good but slightly overestimated blueshift of 825± 65 cm −1 for the n-* transition of acetone in supercritical water.
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